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(54) GaN SINGLE CRYSTAL SUBSTRATE AND ITS 
MANUFACTURE 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a GaN single 
crystal substrate which is wide in area and is little in 
warp and can be Independent 

SOLUTION: A mask which has a zigzag window and a 
stripe window is made on a GaAs (111) substrate, and a 
GaN buffer layer Is made at low temperature by 
HVPE(hydride vapor phase growth) method or 
MOC(organlc metallic chloride vapor phase growth) 
method, and a GaN epitaxial layer is made at high 
temperature by HVPE method, and the GaAs substrate is 
removed. With the independent film of GaN as a sheet 
crystal. GaN is stuck thicker by HVPE method to make a 
GaN ingot This Is cut and polished by a slicer to make 
a transparent coloriess GaN wafer vAth little warp. 
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1 

[IS:*iH5] S1S^dS«> GaN (0 0 0 1) BIT* 

^m^'^m.tr^m^m i (cte3i£<^G a n¥*si&siSo 

m^}^me] (111) Ga Asffl1SC0±{C[l 1- 

[-11 o^-^\^\zwu^7. h^-ryt^co^^^T^vx 

OG aN^xt!^=^^'>-vJU0£:S$1^G a A sSIS^I^i 
L, GaNS3illii:b, {l^^/j: < <h t> 1 M^Wlgf^ C i: 

^1^1pii<*:-r^G aN*^-|li;-1S<0Sii:^rteo 

[19*317] (111) GaAsffitR(D±tC[l 1- 

2];^iri]ti-S[infil$43iiTMi;^[- i i o]:^f6]fc«^ 

tf^y^^rnfc.'S^^o.^.^wr^-Tx^^xtic 1 1-2]:^ 

[-1 1 o]:&ffntc*^t;^xH^-f y^/^tT^^g^^f^-Tx 

^^Jf^figL, G a Ny\**;/:7r@^ISfrt, HVPESitClJ; 
oTG a N^X t!:$7^f>-v;U^jcft$i±> GaAsffilS^ 
I^SLTG a Nffiffi^#T, -^C?:) G a NSSco±{c:H V 
PEfifeJCctt^TG aN#^||$:xei5^^f>i'JHS;:gi±L 
56, xtf^^v'-v;U5jcgL;tGaN-r>=f^>' W 
rrX frd:i>f ^ ^ D 5^ »f b Tl^^cT) ^ L xy\ - ^ 
U, 'i7XA-(^/>fj:< chfe liai^^W^r-SCii^lfiad:: 
r § G a NmJiSSSfficoMig:;^^. 

(0 0 0 1] 

^4&*^f* (GaN^) ^flll^fcf87tiS^-f:^-H (LE 

D) K (L D) uEm^mtm^m<D 

[0 0 0 2] 

[t«*<DS*B] ^l«GaNfigS<0;t«e)<!DSttt^:75:0^ 
'ro-y-:7z-f'V(Al2 03), SiC, Si, GaA 
AW 7. ^ « G a N ^ AW X 3^1^- :7 7 
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S ffi ± J C G a N M ^'j: ^ X tr 5^ ^ >^ ^ ; U S L T 
enT(.^;^Co 1^:7 r^-V (A 1 2 O3 ) SSmb^6*Jtc 
^^T*^LH^i4t>fe>So GaN«h*&^^gcfil 6% 
SigH/ji^ COCOA-/ yym^miL't^ il t J-ct G a 
N;;;^*^co±fcxtf^^i>-v;Uj5Sc;S'r^o c:<o<J:^^j:fiL'4r 
;6>**^;!i>e>it:7T-ri'StR^f5e3o G a N/j: t'co^ljg^ 
#lt;t^it>it>'7'r-\'aiSti#i^i;/S:^^LED, LD 
ihLT/Hi^^'BnSo ':P^O-t>'>'r-<i'<hGaNco^'&f»5 

10 i^a^S±COG a NSL EDtimffit^nXi^^^o S;^Ga 

N ^ L D is < Tfj fis ^ n 5 ^ ^ m tl T V ^ ^ « 

[0 0 0 3] 1t:7 T^-VchG a N<7)*^^^^ti:fe(.^a 
"ttwz^^^^-^y r ^ ^^m,^\z\tM)\mt^G a 

c:^;6i€,T*'5o H 2 T-l'i'^OG a NcOJIg/5 

gl^nxi.^^ t>coti^TG aN/A 1 2 O3 WiiS^f? 

®!r^r?3¥5 - 1 8 3 1 8 9^ 
®!|^gf!¥6-2 6 0 6 8 0^ 

[0 0 0 4] t.z.^ti^^yy T ^ ^mmz^u^w^m-h^^ 

1ty T-r-VSlSicOGaNxe^^^x^jU^co^Ra 
-Q&^O^K ;^c^:^«hlO« cm- ^ t>(D!Kf&mmf)^$> 
l^b-TG a NL ED(iSl»^T*^o ^SMUfmx^$) 

[0 0 0 5] \^i^^{^^yr-(^\z\t'hont.^^WLmf^ 

m^.fi^$>^. it:7T-rir (Ai 2 03 ) mt^mz^^ 
xmmtim\i^o i\:.^m\z^t^t.\i^oz,^\t^\,^^'bxi> 

Td&'&c ^ntCl^eUi, G aN/l^-^r-r irSIS^L ED 

^•y7'{::5j^SflT^<h€rcOi$^'f '>>iy^JIIX;&^jiLl.^o 

5? M 7??^ ^'j: 1/ ^ ^ 6 ^ 4^ « CO t> <7) ^ W Lx ^ T T « J® W »f -r 

[0 0 0 6] >^>^S:??aiCfT^fcJ6t::S i CcOcfc 

of^mvM^<D&^m^^mmz't^z,^ti^nx^tir:L. 

S i CS«GaN5^^fd:0iJAtf 
®Appl.Phys,Lett. vol.71, No. 17 (1997) 

f^SacO>^«6(Ojt!lSiaK7&U 5 0 or^^A 
±tCt>?^cJ:^o S i CS«t@($:<0SJIii7!^^*^Ll^o ^Tt'^fg 

i:;^D, GaN^3fe^^?&ta;7, hiSlc^^f-So mmz\'^S 
50 i C«G aNfg^3^^<oS«<!:bTd^^0f«jffl$nTt^ 
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[0 0 0 7] \^^'m\zvx^vt^(OGeinm^\t. mm 

S S (7) ± t C G a N ^ ^ :^ ^ -d- CD T S IS ^ 1^ * L ;^cJ: I ^ 
[0 0 0 8] Sffi±«3GaN€Xtr5^^'>-\';Ufi£S$-li- 

-sciJis-K^ 1 0 0 ox:\^j.±.(Dmu\zm^.\^u\'yn\t'fs. 

tr^o. GaN75:<i:CDXfcf^^>'-\^JUB^^fi$i±fc^?Ml£ 

^<!:;*:cDJ;'5"efe^o G a N (Of^lIg?g^|gc<^ 1 chT -5 
eh. Ga Astl«s5l. 0 8f&. S i C«0. 8 7^, it 

[0 0 0 9] mm. mwLm<D?!^tBm^^^(Dm^\z^^m 

mmmmmimmiz^^m 2 (Dmm\t. i^&mizK 0 

^ji^^stt^o m3<Dmm\t±^irm^GaNmm^^x 
^ti:i^ti^ozt'n$>^o -^yy^^rmm^zGaNo^m 
m^m.^tzm^^mtG aNm^t-rnxui^^muui^^o b 

^ Wcmm^ (DG a N /-^y 7 ^ -^^iz^^G a NlS'&ftiT&t 
[0 0 10] Ga As3e^BSr»tRtbTGaN$:/5£S$ 

m\z\:i.xA:^^^-Drzo f&mm(DmunmnxG a A sn 
-So ^(Dj^oumjiioyrzisbizG aAsmwi±\zS:m<DG 

GaN^S (GaN/GaAs) \tfhd^mm^nxi> 

[0 0 11] 3^fiEt>*i£€SoTl^'2)<7)«G a N/1t:7T 
•\'<;)3^^fcttT$)^o X$>^f}^'b^yy-(^mmmt: 

^omitf^. t\^^o(D:^^z>t^<Dm^o:>$>r^yj{zu:b 

<h t/^ o T , teffi a&«7^^(£tt ntf t) -D <b :gf?f^^7()^ t) L n 

^ n t d: 0 iS ffi fi£ t # fiE -r ^ ^ PIS (7) lt I > ^ ^) L n ?^ 
1t>'T-f i'SSTctOlS^RBc^GaN^fieg^-lir-g) 
i: t ^ -9 K^75>^ $ e /cC $ o 

€)a^itsiim^#i^^isc- r I , vol. J8 1- 
c-ii, V 5 s--e 4cti\t'tyyr^^&miz7.h'^ 

y« (Mtt) 0-7X^^0tt-ea)±lCGaNS:jPISfig 
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f^lCfi^J-gfl^nT^cWT^^^G a N:fym'mi^'^f)^TX 

f)m-Drz(DX$>n{i-':>(Df$,MX$>^o Vt^l.'&yT^ 

^^WlJcTs V'7^:f^^mtm(Dw\m\ztii.xt)Lm\.x 

i^^o &<^X'^y7^^±.(D^mx. ^yr^^mm 

[0 0 12] ^flg?ifsi^<DM. i^i^^^(Dmtmm^m 
^momo'^iz'D^^too mhmmmtmm\tG an 

^^'t Lx^mi^mmi:m\zmr^<D\t i ^ >^mj. 

[0 0 13] ±mi^^^fi%^^'tt^\Z\^^B:3'y)U7.^ 

^^^mm-r^z.tf)^x^^o i^^^i^g aN^tim^.Ltz 

tz It X\tmm\Zts:ibtii\^'^o #^ L T^i*: t^j: o T L ^ 
G a (r^gcDG a N^^jfJOUT. ^TJ^mcO^i^flZ 
^SFlt Jjn^ b T G a - G a NitJK -r ^ c: tlT # -So 
b 3!i ^ Lx ® igj jE {C T ^ S ?g J ^ ffi ® 5* I ^ o I ^ ^ 5n -tr ;*c ^ 

-t^ti^vcDxitt^oizax h^izr^^xmmfi^xu 

30 *"C:*:^<DGaN*SS5&^T#-r. G a NS1S L^^j: 

[0 0 14] GaNtl?llgt^|l?lK^gj4t-J:0f^en'5o 

'<irS1S<7>±tc. GaNnm^fS.m'^'^^rzit^T(OA 
r:>(D:^x^i)m^nx\^^^. 

1. HVPEffi (A< H^-f H^ffl^fift : Hydride Va 
por Phase Epitaxy) 

2. MOCffi (WIS^Klfi^biKl^ffllSgfife : metal lorga 
nic chloride method) 

40 3. MOCVD^S (WtS^SCVDffi : metallorganic 
chemical vapor deposition) 
4. 

[0 0 15] MOCffil^, h>J/^;i/;^'J'>ATMG^cJ: 
^G a(D^m^m.h. VIC \ i57.^t--v hO^-)Vm<n 
S5|^TJSJC^-tt-H.G aC 1 ^^fiJcL> *::n<!::S<Sf^J-ifi 

^Sr^i- Uir:*fAi:LT. mm^miiTs. HC 1:^X0)^ 
ii^fr-^o GalS^f<i:UTW«^JR^&ffl(.^S7&^6^5g*^ 

G aN(D^\z^mm^\^xmxt^. m.^mm(OGan 
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[0 0 16] UOCVDmtG aNmmf&&&i^LTm 

x^z^hiz. mm^nrzmm±\znK^m-f:b. mm±x 

TMG<hNH3 ;0^S*5bGaNSSiK75^"e#^o CKZ^A^fife 10 

NmmfimmtLx^-Dth}2:<mt)nxi^^^^mx^ 
^/)^. uocm^w\c^o\zmmMX(Dmm7^^$>^o m 
mo^rctsbmB^zm^-r^o mm:^^nm^m^tr^r)m'f' 

(D^of^Mif^^^^^o HVPEmtG amntLx^m 

a^m^XnX:h<o G a\tm}kf)m\^'^<DX3 ox:&.± 

xG ammzu^.. ^:z^7KmfJ7.. hc \ iix^^^ 

f^^t^^, *S^k:t/U "i^AG a C 1 75^*T#^o G a C 1 t!^^* 20 

=zT tK^si^xG aNf)mmmm\zmm-r^o ^(n^m 

n^SG a^m^mm^wM^'\z^'^t^^^o mmmmm 
\zmxi.t^^^i)^^m^\^u\^K m^^mm,^i&.y\^u 

[0 0 171 

t^^mtG aNm^ikf)m^m't^. -xmGaNmiiR 
m\zmr^mm^m-r^-xmGaNmm,^m^^'t^z.t so 

[0018] 

iwkm^m^ir^rz^(D^m gqas (i i d 
^nmn(D±.\z [1 1-2] yjmzmm^xmis [-11 

-^x^a^^xiD^mz^UXG annvyrm^nXBi 
'::>i^-Cieiia(3UTGaN®^/tu/:7r;i(0±i:v 

X^CO±{CH V P lim\Z^r:>XX.\d^^i^\ JVrS.m'^ 
it> Ga As^m^^SUTGaN^iJ^'^Sfit^SigT 

¥^^iS^S^ffl^-^H<hbT, $ btC^<^±fCG aNXbf 
^^'>r;i^@^IS<ff^;SiLT. {i>/ci:< <h^> 1 OmmOP 
^^^^-f^GaN-Ol/'y hiL, cn^yO^fsK^^SS? 
raL'TlgSccOG aNSfi[<»:TSo c:n7!)^*:58§qOG a N 
ffiffi(^Siig->!7riTS)^o G a A sS'K»i3E7KTx-/5^> 
d^'f ^CchtCctoTl^-^T'^^o ^^{CGaNCDSlSti 
W^UT¥m«::r'&o z.<DXo\zmm(om^:^t^x&^ 
X tf iS' 4^ -V ffi ^ mm L T:;felBfe® ^ t> T U * 
^« 50 



# ^¥ 12-22212 

to 0 1 9] :^^m(OG an^^<Dl^±mtfmtt(D-X 

^^icab^o ^^BJ-rtiGaNS^coitStii-r >5"tA 
±. jhF*b<ti2-f >5^«ieJl±^-r'5o LED;a:£o!fg 
Tti^^ ^XllWtcSnX h-CM5S-r^fei6tCtiG a Nffi 
1S?:j^JaU:;^7&^*61^o Omm-flgJ!^±fiF^ U< 

(2 5 mm) gJl^±, ^ L < H 2 ^ > 

f)^-m^-fn^t-xmm(DG aN^^^B^mmx^^. 

[ 0 0.2 0] cn6(D:^ffi-TM1^SL/iG a NS««S 
G aNmW.^^^n(D^\znW^l^>^f:if)'^$>^(DXKK^f)^ 
fg^-r-S. Btt)«, T^/WX^f^^'i'XA-yD-tXtC 

$>^. z.n^:^mzjz^G aNi^m(Dmx(owkm\t 
#ti^sfi7*p-fex$:e5:^L, mfzizmm^mm-r^^t 

(2) 5ff^-^^i!>(;)J?^;:)t^n«R0;&^*-pTt>WST 

( 3 ) mmmm'-R O ^fiJf^tcJ; o Tli'5co-r^Bi7&t@f 

'rrzii>{z^mmmmr^>^^^'^^$>^o ^mm^f)^t^:hx 
^^^-^m^hmmmm^^o :zoLx:^mM^^itt7t^t? 
rf)^uKr) <Di^iEr^mmxmmmmi.rzm^(omm<D 

[0 0 2 1] Hv p Em^mm-r^(D\t. mmmf.m\z 
^^nr^\^^^oi,zT^rzisbx$>^. ^m^^G aNi,z^^ 

^J^^Lxmt:>Y)m^^W)&^T\ff^ii\^^oCt.t> 
mMf)^X^U^'^iJ^^^i^\z^^X. GaNltM^ 
mm<DO:ii/\-\zts.^. mn^mJi(OG aNOx,;\-^ 
'SC^<D±\Z:^< Tm<DX'ff)m^iXn^^. i-ST 
:^^7.<DXoX$>^. Lij^L. G aAsmmmfj^^m^ 

LtcAstji^<Dmx\z^om\^^n^. w^^. \^ek&^ 

[0 0 2 2] 

imM<Dmm(DWm] :^^mo^GaNmm\tGaAsm 

mYfn^mi^xm^'i'^ctf)^x^^. 9c\zmmi^rz<s:^ 

tCGaAsSjgtC. Ga N^|ijcS^1±'5<7)friHii'Xr-B. 

sm^rirz^mx&-Drc. \^yj^L:$imMmm\ttGaAs 
&m±(DG aNm^(DfiZ&:^m^mtLiyrzo "tn^mm 

5^10-0783 3-«^«Cj£E'^Ti<^§« 
[0 0 2 3] G aN«7^::;^-g,^T^*^o (0 0 0 1) 
G aAsitiL-^^J^X$>^^^<b 

(10 0)^(110) m\:i3^^mi^^mrz:^^K t 

d-CGaAs (111) ASi^l>«B|li^««<!:OTfll 
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[0 0 2 4] ^3ti^5"^JHj!cmt::fliOTX^O— SB 

3 N4 -^S i O2 UEt^^\^\. VX^Jl^JS 1 0 0 nm 
-SclOOnmT^So ^HPH^C.^^WT-S vj^^^^zf* 

^t^o gE^);!)^*fiSTf^^o [1 1-2] -ij^XzM^ 

f^x^x^^^. raps^L^-r^o ^n«t:iS3^r'5 [-11 

(^ff6SS€-d cb-r^o L< (id = 3'/^ L/2 ch-r 
6 um. 3?>IFBlPad ^ 5 m m a: ck -5 t^-f^ d t)"^ ^ 

T G a N ^ g $ -a- S C <t T? # ^ « 
[0 0 2 5] ^{^#<7)-7X^®btlG a N^jsgg^lt^ 

aN?&tHtg{Cti«g^L;^j:V^/j^6TitecOGa A s ctflfflgG 
fi£fico«fr{-fi. A'^y:7r^±T. m^<cot^^;jJc:;Ot/j: 

-5^1^ Jcl:bS<^ LT:S;'c(tTo;^j:7!»^*o Tt/^ ^ ^ 5" ^ ;l/;5jcS 

^ if ^ { c j« T -5 nJ ftg 14 7{^^ ^ ^ ^ S( 53^ :m M * L 
[0 0 2 6] •^T.^J^^T'Ott^^CJiGa As«ffi(D±ft:f- 

m\zm.^m»^^o\z't^. mc^m^m^ (d \zm 

[0 0 2 7] ^ (DfgitgeWfifa 450 t:- 5 0 0 t:g.ffi 
H VPEffiiCcfcoTHtl 0 nm-l 0 0 nmUSO). 

A*;/ >^7^fd:SMlZffla:UT#?E-r^. ^6 (2) 
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[0 0 2 8] 8 0 or- 1 0 5 Ot:^j|S(7)iafat-bT. 
HVP EffiTG aNxefr^^^S/^jUg^jf^^-r-g), CcO 

B$A*v/:7r@tii^»a<bT'&o S4<7)j;^{-M3xbfc,®-c 
SI^^Ly^G aNia-S«3i«rA^^:&?^;«-r^. StfE^ 

:^^mf)m-^')5\ti\t&^m-jj\z:!K^\zf&m^:b. is 

TStS*SilcD:;t#$7&^9iS^» 1 t5c<7)'^xyN - « 7 0 
m— 1 mmCDJP^Sr'bOO-C-^COgjBgOiiE^Tfentf^ 
cn7&t0 6 (3) <OAkmx$>^. ±fBOJ;'5;a:fiES 

[0 0 2 91 ^e>f3^*fwctoTGaAs|f653^ex-;^ 

>^K^^-r^o '^7.^(o^^\w\m\z^'Dxm<o me 

(4) <7)ilicSI(3;^j:^o *intil1ft<DGaN#^^Tfe^, 
&mx$> D gjiLTl^^^o 1 ftO»^XA-;ttt^-fP^<7) 

^ n d n-c*?^9 0 T ^ -5 o 
20 [0 0 3 0] $e(c1S^<0'^XA-^SS!iib;ti>coTa& 

^g^it^o 0 7td:cn^7KTo 1117 (1) tiGaN^ 
m(0±,\ZHVVKmz^^X^^\ZW<GeLN^X.\f^ 

/\-\zm^\\M.xn<o ^7 (2) «cn^^To 7X 

tiy hOJ^/\-^mmvxm7 (3) oDcl;^t::iS-0^¥?t 
;:j:GaN'::7XA-j&^T€r'5o CCD^^. A s J^G a N«g 

[0 0 3 1] *^^{r*5i.^Txed7 4^->"\-;i/^K:gjr;Hi^ 

^HVPE?i^EI8tc<J:oTlJiH^r^o *Sfgc0S^S^l 
^R^JF^COt:-^ 230tgiOffi/uTl^'5o KiSJEp 1 <0.hM 

fi^^uHc 1 +H2 (omnnT^ti^mx^ti^. H2 

•V U ir::^XT'^'5o -^(T^itTfrJiG a ?g? 5 ;J>^**>5o 
(Ctl^MG a ^iR^LT^<o 16.^C7&^{S:l^;i>^e)b-:$' 2 
^CJ:oTijnrA^nG aStfSe fr;^-5o HCl^&tGaSfir^ 
(cn^^{^lte>na;!?^^. G a +HC 1 -*G a C 1 ail.^'^ 

Tyf\zm\in^o mn:^7.mxu4\:ii^r)T:^\zma't 

JlxlS^PF^gtCagA^n^o GaC I iNHa JCctO, Ga 

[0 0 3 2] -^H-^r^ 7\ti^^y h8«Cj:oTlHlte#|^ 

effitrf5^t^>n'5. -^y-il-f^ 7 (D±\Z\tG a A s 

^rz\tG aNsmmon^i^^ti^o ^m\:i.mnh^nx 

t^^;&^6afflJKiSL;fc^fie#?G a Ni}mm<D±{zHm't 
50 »:^fXlitlf;tfXttlP 1 0;6^^»m$nSo HVPE 



(6) 
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[0 0 3 3] ji\£^^zy^)\^fi!imtmn^%mzLu» 

P EmtmWG a ^mnitLXHC l <hjSlE$i±GaC 1 

\zr^o Gac \t)mmr^yi<^m:»7.{z^^x^i^t\^x 
mt \^x^^H^\zx^t^^^t.^^o^mifiHv p 'Em\z\t 
[0 0 3 4] :^^m\z^-DXipiE>tirzG aNmf^^mm 

X 1 C 6 cm- 3 mmx$>^o nm<DGm\t^^pL^ 
di: fCct oT4^^ iJ-ViiJt^ 1 X 1 0 ' s cm- 3 ^ 1 

X 1 0 ^. « c m- 3 (Dmwxmmx^^o mm^BL^u 

mT^Z.t{Z<i:'DX. m^^i/jffil^8 0 cm2 /V s 

8 0 0 c /V s (ommizmmx^^o i x 

1 0 - Q c m— 1 X 1 0 Q c m(DmmxMm'^JmX'$> 

^Tz^^' o^mm^tf&mm^iz^':>xh^^^n 

[0 0 3 51 CoVXH^^tirzGaNmWLiiZU&tirz^ 

m^^&^o iAi/^o sxtrnx^^^ mmx$>^o *^feT$> 
•5, ua(Dfmx&^o Tztzi^^nsL^n-izj^Dn^. m 

i^x\it^(Dmm^<i^t^^^z,tf)m^x$>^. fzfj^iE>m& 
mmx$>^z:t\t. G aN'MiR^Lxmm:f^ctx$> 
Lij^LU^^^^nrz{'^x\t^+^x$>^o ^fz^fz 
^g|3&^fe-5. ^n\tfji{z^^?mhiH^jt^ii<Dmmx$> 
^« P^U1!^:-t}:fy^-x^^'^^zKy)i^^^fzu<rJiOy:th^J'J 
^"yy ^ U^^j:/\-:/u-\i7.\z^m^^T. 
[0 0 3 6] mmLfzG a A s miR(D±l,ZG a N ^fj^m 

^i^x'f^wzr:5Lxmm^^^m^i^^issLr)\hr. mm 
mSi'r^^t\z^'Dxmt)m:f^^o 

m9(D^o\ZG aNXG aAsm'^i^f)mt^o G a N 
itm^ifym^LXl^'^^o G a A s \Z^^M^^(D^^t}f)^ 

fg^feUTi^-So fi:^tnz\t2mm(o^<D/)^$>^o nmtjt: 
n^n:f)mK^'^t>^nx\,^^^^{zum^it/)^s>^c^ 



\z^'DX¥^^r^h(Dx$)^o 

[0 0 3 7] hlyhmjS^tjrz^^fz^-r^t. GaAsS 

^\ZG aN{^W^m^ZU^^X$>^. m^}t^t):^^$>^t't 
olfti^^/)^U^^o GaAsSK^li0^1^LTt>f^GaN(C 
m^'r^ft-ijf)^$>^. ^(Dfzisb^zmi KD^olZG aN 

^i^^mtso ccoKoitGaAs t}itmmm\zmmt:m 
m(OFt^tj<Dmm. m^:^i^<Df{:^ti(Dm^o)rzib\zmn 

10 [0 0 3 8] iSi«C43i.^T, Ga AsaiS±fzGaN^ 
P5^\z^m^i±^ct^^X^Uf)^'Drz<D\itmikfBt}i^^:k 

Ktt 0) SS^S;^ ^ e -r OX*^^* «5feai -7 7. ^ 
^ tCfNoT:fe^, ;iC7!)^^G aNA'^y:7Tll^iijc.^^-tt 

(DW.m\t^itfj:ii<D^m\z$>^t^xibn^. ^t^^ju 

^ \^^^(Dx-^7.^ ±\zf&mLrzt&^7^mxmtT^. cm 

(z <t o T G a N (7) ^ M ^ T c <h ^^^'tr ^ -5 o 

[0 0 3 9] ^tlJilH^COT'*^/^^ '^\ttr)tji\Zf)^L^^ 

(D\Hmft^timm'r^o rz^\zG aNmm^i^^o j^o 

[0 0 4 0] SI 2iCS0(O»l^S6*-&l^ti^31ft(D« 

^^b^bfo --'^m^(DOx./\-\ZLXW-mr^y'-^)V 

[0 0 4 1] K^\^o:r/\-(om^^^<r>mm^nx^^\tm 
m^mR\zj;:^xh^mx^mm,x^^. r = d^/s 

0:iiJ\-(DmmX^^. 2>r>5^'^XA-a)J©^tlD = 
5 0mmT$>^o 

[0 0 4 2] Romrz\tm^t,\^^o^(D\tnmzmn^ 
mMx$>^f)^iE>mmzmmt^^t,ti^x^^o Mjt-tt 
\t[^tEW}rJi^^>^^^*)\^x$>^f)^^mmizm^x^u 

^\ 

40 [0 0 4 3] ^m^}Si\m6x\mt.^<r^}H^^mMt 

[0 0 4 4] 



cr = 



Eb^d 
3(l-v)/V 



11 

[0 0 4 51 tCctoT^^^n^. a«rtgg/^:;:^?. Efl 

I 6(181^ (HfZSJt^) TS^-Sp I 

= 5 0 mm^ L;^c^^ti. ±<7)^«T 6 =Htca;/^'2>o 
cn«ilfl^<7)rtai5s£;:^^}^<;5f;5^b^m'r'2>S t o n e y 

$>^f)^t>) d = b<?:LT. 
[0 0 4 6] 
[SC2] 

3(1 -v)/^ 

[0 0 4 71 c(D^{CcfcoT, }|i^a;:>^e»a^ti-@L 

p^i)^^lH^Jt>t}mt\^XhmWi'V^^. sot, illj^* 

y}^. —^t}^\zi^^t. 

1. lltJ^^^SR 6 0 0 mmJ^± (|iti^7!?U . 6 7X1 
0-3mm-»JWT) 

2. KK)H ( 5 0 mmiEgT) 0. 5 5mmKT 

3. r^^ft^tlo 7 MP aJl^T 
-3^.0, *:580^#7;>^*'i'XA{CalL/!:^N^ti, R^6 0 0 
mm. H^O. 5 5mm. a ^ 7 M P a Tfe-So h>lz 
l^g|5fS:^a^i3MP aJ^T-r^^<hJ:OW^b(.^. ift?? 
¥tlti7 5 Omm&,±X$>^^^iblZ]^\,K 

[0 0 4 8] *f8^fc*3(.>T. leccoGaN&m^mm 
T^ijm(Dm\z. GaNmwi^m^^hvx^<DAiizG 
aN^jp<xe^^>'^;u^fi$i±mf^^-r >=f^y 
mm-r^yj^^mmLxi^^^o ^(Dm^^itm^^i o ^ 

m/uXi^^^o Ts'y-f xi.xmomLrz^x.j\hi&m.i<Lx 
T. mm^f^(DKK)^x^<f&m,r^ctf)^x^^o l 

?&^bWif^-r^<i:P 1 5 JC7r-rj;pfcSSg^<7>^^:^ 
14 O ffi e> J# o * ^ (c J: o T¥*afk $ nx b ^ 
3o 01 5 (a) W®WOttffi^Lfi6-r. c:n«±^ir 



< 7 ) mnW- 12-22212 

iimtwnxys.<mm<D^^^^r^o ^^W](Dmm^m 
ti— ifeLTir^^o cti^mm-r^^imi 5 (b) oj:'^ 

tc;^j:^o ±.mfd{1r^mizfs.^o ^m.\ztii-DXhf!^^Bmii 
U(r>:^\^<r>mm^^\it/f^^x$>^. tz^^m^mitw- 
m<tT^f)^i^iimt^n\zu^o ^^^xit&iRm'^t 
^^B'mmmf)^-m'r^o i^i)^vmm^x{tis^mi&mib^ 
mwimmtrnxK^o 
10 [0 0 4 91 m^^m(ommh^^^m(Dmu(Dwt^m 

±L//2-Tr6>;^^*S/jNM, m:km^t,^. :i(Dm^±St 
T^o 0 X =-L/2T-0, x = + L/2T + 0 

^bTagB(OS0cO^^lg<?r±e<h-r^(h. 2R0 = DT 

ti2 ^ >^ch bTffl^¥SR<!:®gBSO^^©(?)Bl^^ifc 
i5T®<o 0^ftfS"C^-r<h, 3fe(5^fO^«7rR©=9 
^ ODii^^T^^o D= 2'r >5=^= 5 OmmT^O, © 
^^^iSX^fi:, 0= 1 4 3 2/R<h;Jj:'5o ZLCOm^^ 

[0 0 5 0] 2-r >^C0:^#$TiE«fbbTlffi^d:$SgB 

^m(Dm%^\^ i.tzrz»x\ ^x,/\-:f)i->td.\z 2-0^ 
stffe^. t.\^^oz.t.x\xf3.y^^. y^mx&n^t. 

<B=l A:Z2U/Rt,t^^tinX$>^. ^<D^Ot^W^% 
«^BT*§o &sT2-(>5'\ZJEmi\:Vtz^(O^Vxm 

2 >^'^xy\-{r*5i^T, rib^^tl^eoom 
meA±«h*r^tC(i, ®S[BTc^;1g|liBia^^C0XUti± 2- 

mW-mtm t(DX Uf^<D^mt 4 • i^TXtj: <»: lHt;&: 

\z. mm(Dmm^^m6 0 omm};j.±t\^^o^f\'f)^ib<D± 
2* ^m^. ±3* e^TT^^cCttntf^^cC^j^ir^o -TT^t^-^ 

mm\z^tzf^^Df)m^-r^m^h^^o z.tiiz-^i.^x 

40 «G a NS1Sl^(7)|^gB/S:^7&^«BiabTV^'5<hS:bn^. 
WSf^CD^OH (^12) Jl, \^^^\^^^<Difk^(K>m^. 

WLmun^—>migi(orz^(ov'n^7.'fu'\i7.\zmA,^ 

SOST^^O. 2mmJ[^T (2^>^m^) Jcffi)^^ 
^ <i: pj^-g T S> ^ C t ;:^^*fiJB;i U^Co dtJ^^StJxOHc^ 
B91^«5feaiCDcfc'5fCR = D2 /SHTfe-SA^e, H = 
0, 2mm<tL^^PK#«, R= 1 5 6 3 mm@S^::Src 

oSJdio. immJejiT;6W^b(.^o c:a)«€r, 
H=0. 1 mm<!:l^'5fflJd:R= 3 1 2 SmmSlS^C^;/^ 
5^? -So 
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10 



CO 0 5 1 1 

G aNm$SSlt5C<Of^a5!) ] GaAs (111) ASffi 

'}v^yy^\z^r>xmmzo mt.3m^(D^(o^um 

Lfz. mStC^-Ti^BKiy h^<h, <1 1-2 >Xh^ 
-fy^, <1 - 1 0>X h^-f y^,cD3fflT:&'5o 

1. =P,ft K*:/ h^. -^S-StC^rJ^'ptC, GaAs< 
1 1 - 2>\zWirrm^±\ztkl^m\^'r^J§Mf)^^\f^y 
^-^tlX^-^^, d = 3. 5 Mm, L = 4Mmo 

2. <1 l-2>>;h^-f y^,-<l l-2>^fp]{c:^ 

3. < 1 - 1 0>X h^-r y.?S?-< 1 - 1 0>>brf^tl¥ 
[0 0 5 2] c:(7)ci:'9;^j:.®^^tt;^cS i 3 ^vx^ 
(1) Gal^/^yyym<Dmfj& 

m^Hv p EmmcD^i^zmmi^rzo HvpE^iiMTG 

a A s«tR^jsf|5 0 Ot:(C^jn?»L3^o S$?OGafS$r8 
5 orJ^_h(-;jn^ALG alfifSiiT^o ffiC*^;^x^A □ 
67K^:^J;^H2 <l:Sft;7j<5g:tfXHC 10rg^:^x^Ga 

t!7smxa:fy^(b:^mH2 <h7>^:-TNH3 CDrg^:tfX 
^2§AL. 5 0 0 t:fcj!jnSi;^n?tS.ffiia«^T'G a C 1 + 

NH3 -^GaNcZ)RjS<&JHc:^i±Ga Asa;>ISiC, Ga 
N^i(l?g$1i-^o cntr<fc-3TGa AsatR±JC*^7 0 
nm(DG aNJ^yyrm^mjJSiT^o SiaN^ttGa 
N^SfflIffl{1^;?l7!;^'S>0 S i3 '^7.^(D±\Z\tG aN 
\:^mmi^U\^\ Jiyyym (7 0nm) t^x'XiJ' (10 
Onm) ctO^lio fc^^ ^m<DG a As (Dm^^fzffflZG 
aN/'<yyrmf)^X^^o * 



(8) i|$r^^l 2-2 2 2 1 2 

14 

* [0 0 5 3] (2) G aNXtr^4^5>-v;mOfl^liJc; 

Hc \ (Dmx^w±Lrz. mmum^^ 0 ox:f)^^mi 

0 0 OX:^X±{ftco ^i;^HC 1 ^GayatCffil^tT^A 

f-^o EAmJOX@<h[Hji;cfc^tC. Ga chHC 1 (DSlStC 
ck-3Tit^b;y U -i/AG a C 1 ^^/}jc-r^o 7K^:^A;&^4^ 
1'U*\'<hLT«tnTi/^'g>;5^e>GaC 1 \tT:^^th{ZiM 
7>^:-7NH3 ^GaC 1 ;&«^jn?Si$nfcSffiO 
iSfilTS^&bG aN^^X^^o Z,ny)m(D^t^(D/^yyy 
mO)±\ZJi\:f^^iy^')\^fiS,^T^. ^7.^m^ (10 0 
nm) ^|gA.^<!:VAi:7<^±tcG aN$^^a;^^*IE/Ni^?f^t^ 
J3/2:;&^-3TfT<o fc;t*Uvx^il:®7&^G aNTffi^n-5 
^-etd:. G a Nigf^tl/N^IKT^^p ^4, ^St^A^S^ 

^Mm(oms^i}Lm\z$>^f)^^^z.:fy^ibmj^Mmmz)j::fy^ 

«Slltii^SS<«MT^o G aNifSi;ija:^WAi:7C0±il^ 
<o Pjc;&ii"|gti5 0 Mm/HT*^o *'J 1 0 0 /imCOjP 

)\^f&^) (DXG aN(Drp<Df^^ft^:h^:k^\z1S:,m'r^C 

[0 0 5 4] (3) GaAsSffior*^ 
:;*tcSS3^}^x-;/5^>7^i^^<^)4i{ci^i^L;^c<, 3:7KtCct:o 
xmi omm:ry^>^\^rz. GaAs&m:^^^±\Zl^ 

G aNm^^Bmm^zLfZo CinHgiLll-rr^o^Co VX 

IditilJ C0ki^X S^CDSAmz-Di^^XG a Nl3c.l$-& 
fzo mni\t=fm\^^yh^ m2um^. L = 4Mm, 
cl = 3. 5Atni) -TX^:/ <^fi-:pT|jJ(;:B$ii:;^ct)CDT^ 
So K*4 2«<1 l-2>AH^^yTA>5'^0!-::>Tfi)c; 
:g$i^'fcfec^)T*So K**3(1<1 - 1 OXh^-Y >^ 
V X ^ ff /c t) CD T * -5 o 
[0 0 5 5] 
[*1] 



5(? 







c m~ ^ 


cm^/Vsec 


LbJfii/iQ/cm 


li^M 1 




3 X 1 0 ^ ^ 


2 0 0 


8.3 X 1 0-3 






6x1 0 ^ ^ 


1 5 0 


6x10-3 


!i«i|54 3 




1 X 1 0 


1 2 0 


3.5X 1 0-3 



[0 0 5 6] (4) 



5<7 



x$>^o cn^,a^6^j4^ttti/i£fi^ff{CcfcOg:^t;-rs. 
X h ^ < y X tirt SBlS:t» iS^ 3 .^X^'^±X$> 
So c:n^it>>^;i/«ji^;&:SJ^fiT&So 0 0 

nm—e 0 0 nm-e<DKiK«Sc^i, cfcSMIE;^ L 



J5 

T4 0cm- • —8 0 cm- ' 7?&o;to 

(5) yimmj^ 

mtGaN (000 1) mL<D^m(Dm%^m^i.rz,o 

m^^^(Dt^Mt. G aN (0 0 0 1) ^(D 

-Dtzo ^fc, GaN (0 0 0 1) moyikWio^n^yy^^fA 

-O^S (D=2 5mm) Tj^^H= 2 5 /xmCO t)COi:H 
= 4 8 Mm<Dfea>:6t$>o}''Co R = D ^ / 8 HT&^7&^ 
6. R=3 12 5mm<hR=1 6 2 8mm(7)t)C7)T^ 
^tCKli'NC/ict^tC, 2-r >^«>'XA-TC0:7:t h U 

y^^.:7^<^EI^7!>^0. 2mmTfeO R= 1 5 6 3mm 

V ^ ^ ^ ck ^ ^ ^ > ffi® njfife f^Ryy-vh^. 

[0 0 5 7] [%mm2 (HVPE^T^^Jl/jjJcSGaN 
a^S, HVPEffiGaNj?{^W ] 2^>5^fi<OGa 
As (1 1 1) ASD€:S<S<t Lite ■€-<7)±{::S i O2 (D 

(1) Gdinnvyymmm 

[0 0 5 8] VX^^WT^Ga AsffitR^HVPESI 
Mt::SSrSL;^Co HI 8 Ga?S5fi8 0 0 

t:tc;fjn?ftU;^c:o i^*4:tfx<h LT^l, H2 +HC 1 C-Ga 
m\zm'^. H2 H-NH3 tiS1Sf3Slg(;:®l^jto »?)5 0 

ot: mw.um) <D<aratr*D^^T. GaNA*^y:7T®^ 

(2) Xtfij'^^v'i'jl/^COJI^^ 
Ot.>TS1S®!£$ 1 0 0 OX:\ZJc.mz. nC^MiiTs^ 
fi£oT, G aNXtf^ + S^i-JU® 8 0 Mm^fl^iSLj^o 

( 3 ) G a A s (Z)r*^ 
G a N/G a A s ffilS^H V P ES^S;^^ bffii 0 Li^Co 
fiSM^StrG a Njgi^l^;&t±|$;^nTV^-5C<h^aigU 
fco cn$r3E7K*TG a A s SffiSrX-;5^>i/^5&L 

[0 0 5 9] (4) GaN(7)j?#tt 

c:n$:+5J^f3i5t^Lfeo ^6 (4) (^cfc-^T^c^K^ic;^ 

G a ntzniZt^-otz^CD^Z^tirzUVW P E^W\Z 
hi^tzo SlSffllJlSrl 0 2 Ot:<i:bT. HVPE^ 

\Z^^XG a N^riPf^Nt LG aN<Z)-i' >rf-/ h^ff;/;!:. 

^7 (1) iC^-rttJiT^-S. CKT^-f >rf-/ hJ^if^fiB 

75/^ii>L^/iy/fff^4/cTfeofco Mlg:fi;$«*^ 2 Omm. 9V 

S5 5mma)-r >::^^v l-T'a&o;'^o 

[0 0 6 01 (5) x^-f rccfc'S'^x/v-o^oia 

;^f^(C^^O/£L;t« S7 (2) (CTK-rcfc^T'^-S. 
*«j50mm. j?^3 5 0 Mm<7)G aN#iK^S«2 Ott: 
^#fco GaN^^^WL;^ci:C^, As, i^Jgi: t)JCA* 



(9) 1 2 - 2 2 2 1 2 

75 

u/^^^>K<Du^;i/7?*ofco a?^ (As) , mm 
[0 0 6 1] (6) mm 

^^\Z^v\:^>^mm. tt±tfWJg^Lfco ^7 (3) 

(7) x^mfif 

c:(7)GaNS<S<^*Mf^)l ch|Hli;j:^(C, X^lHlt/fi^M 
(l<J:oT. ffiffi^jSfiiGaN (0 0 0 1) W\t(OA^(D 
10 m^^^m^Vtz. SIS^ffifcoa^^chGaN (0 0 0,1) 
moyfk^^oywt^mi)^. S«rtT«:;*s:0. 6* Tfe-Sd 
«h7!^^5>;0^ofco GaN (0 0 0 1) lla<7)ffi^CD:^rfi]<7)A- 
'yy^f^mW.iHX^ 0. 5° T'^^c:<h7:^^*5>;^^-:3;^Co ^ 

rz.mm'ik(DmwL(DKK)mt.. 2^>^-m (D = 5 0m 

m) TH = *^J 1 5 MmTfe-ofco R = D2/8HTa&'5 
f)^^. R= 2 0 0 0 OmmSj^TT^-Sc i-5>(c:7>4- hU 
V y ^ ^ Tii^* 3i in -C ^ ^ ¥• ifl ^ T -5 o 
[0 0 6 2] (8) Hr^Wt^ttCD^J^ 
>=f-/ K<^±«S (*SJi|J«<^5^) ;^^e»IiX^;^'^XA- 

0 1 a cm- 3 Xdb^fzo m'T^mmiL2 O O cm^ / 
VsTSofc. tbffitaf^O. 0 1 7 QcmX$>^tz. 

[0 0 6 3] ^>d:v hoTi^g ii^mm<o^) t^^m 
^rz^:^/\-(Dm%m^m'X'^^(D^ox^r>tz. nm 
-v^^ uirisstii 0 ' « cm- 3 , m=F^m)S^\1Ll 5 

0 cm2 /VsT&ofco itStnCtiO. 0 1 Q c mT» 

W i^cCM T^ct ^ T ^ ^5 ^ o 
[0 0 6 4] (9) T^fSiRcDrPJlJe 
5^? c:ne<7)'^XAtiiS§^T$>Oiiff£Ra30^ilfei?*o;^c:o 
S4 0 0 nm'-e 0 0 n mt::43^t S®iRWi^fd: 2 0 cm 
- 1 '--4 0 cm- ^ "Tr^o/to 

(1 0) LEDCD{1^®1 
GiiN&WLtf^'V^tz(OX. I nGaN$|«3t@ 

chit^LT. ^^mmm^b\^\z\^}i\^rzo %^nmf)^ 

r^±b/t^^ti. ^S<icoM^i^tci:-5o i^*cDit>'r-f 
StRL EDTt*f£f±ei*JlC^<<7)K®ete?&^#ffiLTL^ 
G a NS1S<?):2f^?8n.«c7:)LED«S:ji^f4 ^< 

[0 0 6 5] [^«50il3 (MOC^T^-^Jl'^SGaNSfi 
JfeS. HVPEGaNiPf^W ] GaAs (111) B 

v^^y ^ {z^-dx [1-10] :^^^\zmu^7. h^-f 

[0 0 6 6] (1) GaN/\*^y:7TB<0JI^^ 

mm^mmit^^mmi^ (uocm) ^zjz'Dxt^4 9 

50 [0 0 6 71 (2) GaNXtf^' + ^^JI/etDJI^fS 



(10) 



12-22212 
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(3) GaAsffl«c0K^* 
MOCiSS;&^e>G aN/Ga As W*?f^flXO/£L./to |g 
SOG a N#^^;^>*^:BLTl.^;^Co X K ^-l' T^-^X ^ 

GaNO [1 1-20] -J5^Xi>^tc. 
GaAs<D [1-10] -^jmzG aincD [1 1-2 0] 
:^f^:^^*3jc:I:-r^<hl^^ C ^Tfe^o 3E7KtCi: o TG a A 

[0.0 6 8] (4) G aiN(Om\^\in^-^ 
2 5 MmJ^^OGaN^ai«gS«f:LT, HVPEilS*:: 
-fe^yHL;^o 1 0 0 Ot:frjjngibHVP EffitCckoTG 
aN^JP<xfcfd7^>^-\^;^^Jc;S$it^c. Rttt^TrSigiS 
$7&^*^J3-t>5'C0GaN-f >=f>y h^WfiScLfco 

[0 0 6 9] (5) rt^^x^<i^-^Ccfc^•^xy^-w 

0 0 Mm(D/P^(cW*9mb;to 2 5tt(7>7X:^^:/ h'^/x 
[0 0 7 0] ( 6 ) 

^iijjg«2 5 0 cm=^ /VsT^boi^to i:bffitn;«0.. 0 

5QcmT^o;'^p c<DGaNm^^mmmi ^imc^ 
v\z. xmmmmmiz^^rmm^m^ (oood m 
tcDfycDm^^^m^fzo mw^mmiiut. (o o o d 
mmmL(Dr^rfi]m<Dm-x:^mmHx±i, x$>^ 

fzo R = 1 3 0 OmmTfe^o GaN (0 0 0 1) m<0 



18 



mXi>'otz. R=6 9 0 0min<7)eST*-5o 

[0 0 7 1] c:O*]KS0iJ-CtiG aN@«:^ffliS^i:L 
T, G aN#^^a^@<ii1(;:^$-ti-Tl'^^. pi^m^^aG 
a N ^ fi $ U C n ^ X ^ -f it - T rr L T I ^ ^ /j^ 6 

IfeG a As;;;^^e>^S^it'5«'&(::ltgeL.T6 4%tC<g 

j(? ^tzii^mzy}<r>mitm^^±^<^^x^rzo GaN 

^»WLfe<hc:;58l:^ (As) , (C) i:fefm^y 

[0 0 7 2] 7.^ (D'^\t.'\E^ikW^(Dm}^\Z^^\t[M\Z 

m(DW^-f)^$>^. -^X^ ±.<D'y^'y)Vfi%^\Z^^X. «g 

A s ^ G a N (D\^kmMm'^m o i^gejs:^^ ^^fpx^ 

tz^\zummtf)^i^^\,^\z^ij^f}^f^ibrK^(0^±^m 
20 W^^Z.t.i^^X^^o 

[0 0 7 3] mm^\4: (Ga5i'jEE<i:Sl®^>^:t P>^- 
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